Several novel pH-independent amphiphilic chlorophyll a derivatives with oligoethylene glycol substituents as
Introduction
It is known that chlorophyll a derivatives are intensively investigated as photosensitizers (PS) for photodynamic therapy (PDT) in various fields of medicine (oncology, [1] [2] [3] [4] [5] [6] otolaryngology, [7, 8] ophthalmology, [9, 10] surgery, [11] treatment of fungal diseases [12] ). Some of them have been already used in clinical practice. [1] [2] [3] The formation of amphiphilic properties of chlorin PS molecule enhances photodynamic action through more effective interaction of PS with cell membranes, that increases the efficiency of PDT in many cases. [13, 14] Taking into account that the porphyrin macrocycle is hydrophobic the hydrophilic moieties introduction to the macrocycle periphery is of great interest. The oligoethylene glycol substituents (where the number of ethylene glycol units varies from 2 to 6) were used as hydrophobic moiety here. There is only fragmentary information about such derivatives with di-or triethylene glycol substituents. [15] [16] [17] [18] And the influence of the structure of these compounds on the hydrophilicity was not studied systematically. Here we report the synthesis of several phorbines (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) and chlorins (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) with di-, tri-, tetra-, penta-and hexaethylene glycol substituents using methyl pheophorbide a (1) and its derivatives (2) (3) (4) (5) as an initial material (Scheme 1). The influence of the oligoethylene glycol chain length, its position at the macrocycle periphery and the structure of macrocycle on the hydrophilicity of compounds obtained was estimated using their mobility on the reverse phase HPLC data.
Experimental
1 Н NMR spectra were recorded in CDCl 3 on spectrometer Bruker Avance II (working frequency 300 MHz). IR spectra were recorded on spectrometer Shimadzu IR Prestige 21 in KBr (diffuse reflection). HPLC was carried out by Thermo finnigan surveyor (PDA) instrument, pump with auto assembler, Hypersil C18 column 100×2/1 mm, temperature 22 °С, gradient elution (from a mixture of 1 % aqueous trifluoroacetic acid-methanol, 40:60 by volume, to pure methanol for 50 min, flow rate 0.4 ml/min). UVVis detection was realized at 400 nm. Mass spectra were obtained by Thermo finnigan LCQ Flut (ESI) instrument. UV-Vis spectra were recorded on spectrometer Shimadzu UV-1700 (PharmaSpec) in CHCl 3 in 200-1100 nm range in 10 mm quartz cuvettes, using CHCl 3 as comparison sample. Monitoring the reaction proceeding was performed by TLC on Silufol plates, eluent -CCl 4 -acetone (4:1 vol). Column chromatography was carried out using silica gel Alfa Aesar 70/230μ. Methyl pheophorbide a (1) was obtained according to [19] . Methyl pyropheophorbide a (2) and chlorin e 6 13(1)-N-methylamide-15,17-dimethyl ester (4) was obtained according to [20] .
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Pyropheophorbide a (3) . Methyl pyropheophorbide a (2) (61 mg, 0.11 mmol) was dissolved in acetone (4 ml), concentrated hydrochloric acid (0.5 mL, HCl 30-33 %) was added to the resulting solution and left for 20 hours in the darkness at room temperature. The reaction mixture was diluted with chloroform (50 ml), and hydrochloric acid was removed by water until neutral reaction of washing waters. The resulted chloroform solution was dried over anhydrous sodium sulfate and evaporated under reduced pressure. The evaporation residue was chromatographed on silica gel (eluent: CCl 4 -acetone from 70:1 to 2:1). The eluate containing the major product was evaporated. 25.2 mg (42 %) of compound 3 was obtained as dark-blue crystals. Spectral data of the compound obtained are identical to those described in [21] .
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Trans-esterification of the ester group at position 13 (2) of methyl pheophorbide a exocycle (general procedure, preparation of derivatives 6-10). To a solution of 50-200 mg of methyl pheophorbide a (1) (0.083-0.330 mmol) in 10.5 mL of toluene 3-4 times molar excess of dimethylaminopyridine (DMAP), two-times molar excess of 2-chloro-N-methylpyridinium iodide and corresponding oligoethylene glycol (5-20 mmol) was added. The resulted mixture was heated under reflux for 1-3 hours (TLC monitoring, eluent: CCl 4 -acetone 2:1). The reaction mixture was diluted with 50 ml chloroform, transferred to a separatory funnel and washed with 5-10 % hydrochloric acid for removing of DMAP and 2-chloro-N-methylpyridinium iodide excess; then hydrochloric acid was removed by washing with distilled water until neutral reaction of washing waters. The resulting solution was dried over anhydrous sodium sulfate and evaporated under reduced pressure at 40-50 ºC. The residue after evaporation was chromatographed on silica gel (eluted with CCl 4 :acetone in ratios ranging from 40:1 to 5:1). The eluate, containing the main substance, was evaporated under reduced pressure. The residue after evaporation was crystallized first from a mixture of chloroform with hexane, and then from a mixture of chloroform with methanol.
Methyl pheophorbide a 13 (2) diethylene glycol ester (6 Methyl pheophorbide a 13 (2) triethylene glycol ester (7) . 73.7 mg (67 %) of compound 7 (13(2)-diastereomers mixture, 13(2)-R/13(2)-S 9:1 according to 1 H NMR) as a dark blue-black crystalline powder was obtained in reaction of 100 mg (0.165 mmol) of 1, 0.5 ml (3.6 mmol) of triethylene glycol, 80.0 mg (0.656 mmol) DMAP and 80.0 mg (0.325 mmol) of 2-chloro-N-methylpyridinium iodide in 5 ml of toluene for 3 hours at full conversion of the starting compound 1. Methyl pheophorbide a 13 (2) pentaethylene glycol ester (9) . 78.1 mg (58 %) of compound 9 (13(2)-diastereomers mixture, 13(2)-R/13(2)-S 7:1 according to 1 H NMR) as a dark blueblack crystalline powder was obtained in reaction of 100 mg (0.165 mmol) of 1, 0.5 ml (2.4 mmol) of pentaethylene glycol, 60.0 mg (0.491 mmol) of DMAP and 60.0 mg (0.317 mmol) of 2-chloro-N-methylpyridinium iodide in 5 ml of toluene for 3 hours at full conversion of the starting compound 1. 
Trans-esterification of propionate substituent in position 17 by the action of di-, tri-and tetraethylene glycol (general procedure, preparation of derivatives 11-16, 19-21). 30-100 mg of the starting chlorophyll a derivative (about 0.049-0.165 mmol) was dissolved in a mixture of 10.5 ml of corresponding oligoethylene glycol with 0.1-0.3 ml of concentrated sulfuric acid. In case of poor solubility of the starting chlorin, 1-2 ml of chloroform was added to a mixture (until complete dissolution of the starting compound). The resulting solution was allowed to stand for 17-22 h in a dark place at 18-22 ºC. The reaction mixture was diluted with 100-300 ml of water, and the precipitate was filtered through a paper filter, washed with 200-400 ml of water and dried in air. The resulting chlorins mixture was chromatographed on silica gel (eluent: CCl 4 -acetone from 70:1 to 2:1). The eluate containing the major product was evaporated and residue after evaporation was re-precipitated from chloroform-hexane mixture.
Pheophorbide a 17-diethylene glycol ester (11) . 57.1 mg (51 %) of compound 11 (13(2)-diastereomers mixture, 13(2)-R/13(2)-S 6:1 according to 1 H NMR) as a dark blue-black crystalline powder was obtained with transesterification of 100 mg (0.165 mmol) of 1 in a mixture of 10 ml of diethylene glycol, 0.3 ml of concentrated sulfuric acid and 2 ml of chloroform for 19 hours at complete conversion of starting compound 1. (2) ), 6.21 d (1Н, 3 (2) 
Recovering of exocycle of chlorophyll a phorbin derivatives with oligotetraethylene glycol fragments (general procedure, synthesis of compounds 22-29, 30-32). 33 % Aqueous methylamine solution (1.0-1.5 ml) was added to solution of start phorbin derivative (50-100 mg, approximately 0.081-0.165 mmol) in THF (5-7 ml) and stirred for 20-60 minutes (until complete conversion of the starting compound, control TLC). The reaction mixture was diluted with 50 ml of chloroform and washed with 1 % hydrochloric acid (200 ml) to remove an excess of methylamine and then with distilled water until neutral reaction of wash waters. The resulting solution was dried over anhydrous sodium sulfate then the solvent was distilled off. The residue after evaporation was chromatographed on silica gel (eluent -mixture of CCl 4 :acetone = 30:1 ÷ 5:1).
Chlorin e 6 13 (1) (25) . 36.8 mg (71 %) of compound 25 as a dark blueblack crystalline powder was obtained by the action of 33 % aqueous methylamine solution (1 ml) on the 50 mg (0.062 mmol) of compound 9 in 5 ml of THF for 20 min at complete conversion 
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Chlorin e 6 13 (1) (27) . 30.4 mg (58 %) of compound 27 as a dark blueblack crystalline powder was obtained by the action of 33 % aqueous methylamine solution (1 ml) on the 50 mg (0.073 mmol) of compound 11 in 5 ml of THF for 20 min at complete conversion of starting compound 11. 
Results and Discussion
The transesterification reaction of the ester groups at positions 17 and 13(2) (under acid catalysis and with the activation of 2-chloro-N-methylpyridinium iodide, respectively) and the esterification of the carboxyl group at position 17 were used for insertion of oligoethylene glycol substituent's to the macrocycle periphery (compounds 6-32, Scheme 1). The transformation of phorbins to chlorins was carried out by exocycle opening under the action of methylamine. The structure of the compounds obtained was confirmed using IR, UV-Vis and NMR spectroscopy and mass spectrometry data. The insertion of oligoethylene glycol substituent leads to a decrease in the chromatographic mobility on normal phase (TLC Silufol) compared with the both initial ester and carboxylic acid derivatives. The peaks of protonated molecular ions and, in many cases, the peaks of sodium and potassium adduct cations of compounds 6-32 are observed in mass spectra (ESI). The oligoethylene glycol fragment is manifested in the IR spectrum as a weak band at 2730-2750 cm -1 region, this band corresponds to the stretching vibrations of the methylene group linked to the etheric oxygen atom C-H bond. In the 1 H NMR spectra the oligoethylene glycol fragments appear as multiplets at the regions of 4.60-4.00 and 3.90-3.00 ppm, typical for the methylene protons near the ester, alcohol and ether oxygen atoms. The trans-esterification of the ester group leads to absence of the corresponding methyl singlet in the 1 H NMR spectrum of the product that allows to distinguish methoxyl substitution at the positions 13(2) and 17. Chemical shifts of these proton signals in the methyl pheophorbide a 1 H NMR spectra differ significantly from each other and, at the same time, slightly change during the transition from one to another derivative. So the ester methyl group signals can provide a reliable source of information about the direction of the reaction (see Figure 1 , which presents the 1 H NMR spectra of methylpheophorbide a (1) and its diethylen glycol esters (6 and 11) with different positions of glycol substituent as an example). The investigation of 1 H NMR spectra of all 13(2)-carbomethoxy derivatives shows that all of them are 13(2) diastereomer mixture with a significant prevalence of 13(2)-R diastereomer.
Opening of phorbin derivatives exocycle is manifested in the IR and NMR spectra by the same way as more simple derivatives we have observed previously. [22] [23] [24] [25] [26] In the IR spectra of chlorin e 6 derivatives 22-32 the 13(1)-keto group absorption band about 1700 cm -1 is absent and absorption bands of amide groups ("amide-I» in the region of 1640-1650 cm -1 and «amide-II» in the region 1530-1550 cm -1 ) are present. The singlet of the proton in position 13(2) at 6.25-6.35 ppm is absent and the signals of protons of the methylene group which is formed by opening exocycle (AB multiplet system at 5-6 ppm region) as well as the methylamide group proton signals (broad quartet or unresolved multiplet of NH proton and doublet of the methyl moiety) are observed in the 1 Н NMR spectra of compounds 22-32. Preparation of di-, tri-and tetraethylene glycol 17-esters was carried out by the action of the corresponding diol excess on the corresponding 17-methyl ester at presence of sulfuric acid. Di-, tri-and tetraethylene glycol acted simultaneously as a reactant and a solvent. In the case of derivatives 1-3, the solubility of which in a mixture of sulfuric acid and oligothylene glycol is low, a small amount of chloroform was added to reaction mixture up to the complete dissolution of the starting chlorin precipitate. As a result, the trans-esterification of the ester group at the 17-position substituent to form the target products takes place. Exocycle ester group trans-esterification does not occur under these conditions. Esterification of chlorins 3 and 5 carboxy group by penta-and hexaethyleneglycol, stimulated by 2-chloro-N-methylpyridinium iodide as activating agent, was used for corresponding esters synthesis because of low availability of penta-and hexaethyleneglycols. [27] [28] [29] [30] [31] [32] The corresponding derivatives were obtained in the case of pyropheophorbide a. Under the action of penta-and hexaethyleneglycol on chlorin 5 at the same conditions, there was a formation of a complex mixture of unidentified compounds, but the target products were not obtained. The same activating agent was also used by us to synthesize 13(2) ethers and methylpheophorbides 6-10 with the di-, tri-, tetra-, penta-and hexaethylene glycol fragments: it is known that the ester group exocycle methylpheophorbide has a relatively high chemical activity and, therefore, can undergo a trans-esterification reaction. [33] [34] [35] [36] Synthesis of chlorin e 6 derivatives with oligoethylene glycol substituents at position 15 (22) (23) (24) (25) (26) was carried out by the action of methylamine on phorbin derivatives 6-10. Chlorin e 6 derivatives with oligoethylene glycol substituents at position 17 (27) (28) (29) were obtained by the same way (the phorbin derivatives 11-13 exo ring recovering by the action of methylamine).
Trans-esterification of phorbin derivatives (6-10) ester groups at position 17 was used for synthesis of phorbin derivatives with two fragments of oligoethylene glycol (19) (20) (21) . Chlorin e 6 derivatives with two oligoethylene glycol fragments (30) (31) (32) can also be synthesized by the action of methylamine on phorbin derivatives 19-21. Efforts to obtain the same derivatives directly from methylamide 4 by transesterification of both ester groups of this compound were unsuccessful.
Separation of even a slight excess of the diol from the reaction product is the most time-consuming step of the process. The more polar is the derivative obtained, the more difficult is its separation. In this regard, the synthesis of oligoethylene glycol derivatives should be designed so, that the step involving interaction with oligoethylene glycol would lead to the production of the most possible hydrophobic compound and subsequent conversion to form more hydrophilic derivatives held without oligoethylene glycols. Thus, when two substituents are inserted (compounds 30-32), it is advisable to obtain phorbin derivatives 19-21 first, and thereafter exocycle opening. Similarly, chlorin e 6 derivatives with oligoethylene glycol fragments at position 17 (27) (28) (29) are more convenient to receive via appropriate 17-ester pheophorbide a 11-13.
For the hydrophilicity estimation of biologically active substances the characteristics of their distribution between the aqueous and «fat phase» are used and currently octanol is commonly used as the «fat phase». [37] Furthermore, it was shown that the ratio of distribution correlates with retention times of compounds by reverse phase chromatography. [38] Thus the chromatographic mobility of the compounds by reverse phase chromatography may serve as a quantitative criterion for the hydrophilic properties estimation along with the distribution between octanol and water. The higher the mobility, the greater the hydrophilicity of the compounds investigated, and the greater the difference in retention times, the more different hydrophilicity. The insertion of any oligoethylene glycol fragment in any position of the macrocycle significantly increases chromatographic mobility on reversed phase (retention time is reduced by 3-5 minutes). A similar effect is achieved by the introduction of the second oligoethylene glycol fragment. Comparison of the oligoethylene glycol derivatives 6-32 chromatographic characteristics (Table 1 ) reveals the following structure features influencing on the hydrophilicity of the compounds obtained. The exocycle presence/absence and oligoethylene glycol fragment position in the macrocycle are the structural factors of a most significant influence. Transition from phorbin derivatives to chlorin derivatives leads to increase in the hydrophilicity of the compounds when other structural characteristics (oligoethylene glycol chain length and number of identical oligoethylene glycol alternates) are equal. For example, the transition of 13(2)-glycol derivatives 6-10 to the corresponding chlorins 22-26 leads to retention time decreasing of approximately 0.5-1.5 min. Similarly, retention time of 2.3 min decreased in case of transition from phorbin derivatives with glycol fragment in position 17 (11) (12) (13) to сhlorin derivatives with the same fragment at the same position (27) (28) (29) . When other structural characteristics are equal the isomeric derivatives with oligoethylene glycol moiety at position 17 have higher chromatographic mobility than derivatives with oligoethylene glycol moiety at position 13(2) (in the case of phorbin derivatives) or at position 15 (in the case of chlorins). For example, the retention time of chlorin e 6 derivatives with oligoethylene glycol moiety at position 17 (27) (28) (29) is approximately 2 min lower than the retention time of analogous derivatives with oligoethylene glycol moiety at position 15 (6) (7) (8) . In the case of phorbin derivatives the difference in the retention time for analogous pairs is about 1 min. The oligoethylene glycol chain length influencing on the chromatographic mobility of derivatives is significantly lower than the effect of other structural factors. The retention time of these derivatives is similar and the difference of retention time values for structural analogs is lower than 0.5 min in most cases. It is interesting that the monotonous increasing of chromatographic mobility with oligoethylene glycol chain length growing was not observed in many cases because of complex interactions of oligoethylene glycol moiety with stationary phase. Thus, results of hydrophylicity estimation of the oligoethylene glycol chlorophyll a derivatives reported above allowed to conclude that more available di-, tri-and tetraethylene glycol Novel Amphiphilic Chlorophyll a Derivatives with Oligoethylene Glycol Substituents can be used for the synthesis of hydrophilic derivatives instead of the less available penta-and hexamers.
Conclusion
Thus, chlorophyll a phorbin and chlorin derivatives with oligoethylene glycol fragments at the macrocycle periphery were synthesized in this study and the hydrophilicity estimation of the compounds obtained based on their chromatographic mobility on reverse phase was carried out. The introduction of oligoethylene glycol moiety has been shown to increases significantly the hydrophilicity of the whole molecule. Among structural factors the presence/ absence of exocycle (exocycle opening leads to the hydrophobicity decrease), as well as position of oligoethylene glycol fragment (the moving of oligoethylene glycol fragment from the macrocycle leads to the increase in hydrophilicity due to more effective solvation of this fragment) are the most important. The monotonous increase of chromatographic mobility with oligoethylene glycol chain length growing was not observed in many cases, the most likely, due to the complex nature of oligoethylene glycol moiety interaction with the stationary phase. Oligoethylene glycol chain lengthening does not lead to any appreciable increase in hydrophilicity, so for hydrophilizing chlorophyll derivatives may be used more available di-, tri-and tetraethylene glycol instead of less available penta-and hexamers. Table 1 . Retention time of chlorins with oligoethylene glycol fragments (Thermo finnigan surveyor (PDA, column Hypersil C18 100×2/1 mm, gradient elution (from a mixture of 1% aqueous trifluoroacetic acid -methanol (40:60 by volume) to pure methanol for 50 min, flow rate 0.4 ml/min) (*) -chlorophyll a derivatives without oligoethylene glycol fragments for comparison. 
